The nucleus accumbens (NAc) receives converging input from a number of structures proposed to play a role in affective disorders. In particular, the basolateral amygdala (BLA) provides an affective input that overlaps with context-related information derived from the ventral subiculum of the hippocampus (vSub). We examined how stimulation of the BLA is modulated by, and in turn affects, vSub inputs to this region. In-vivo extracellular recordings were performed in the NAc of anaesthetized rats. The effect of high-frequency (theta-burst) stimulation (HFS) of the BLA on both BLA and vSub-evoked responses was tested. In addition, the involvement of dopamine D 2 receptors in BLA-induced plasticity in the NAc was examined by pre-treatment with sulpiride (5 mg/kg i.v.). Finally, tetrodotoxin (TTX) was used to inactivate the vSub and the effect on BLA-evoked responses was assessed. We found that HFS of the BLA causes hetereogeneous patterns of plasticity, depression and potentiation, respectively, in the rostral and caudal subregions of the NAc that are disrupted following D 2 receptor antagonist treatment. In addition, inactivating the vSub with TTX attenuates the ability of the BLA to drive spike firing in the NAc. Thus, the vSub is required for activation of the NAc by the BLA. These data support a model whereby the amygdala can coordinate reward-seeking and fear-related behaviours via its differential regulation of NAc output. In addition, the hippocampus inappropriately dominates information processing within this circuit, potentially contributing to the overwhelming focus on internal emotional states in disorders such as depression.
Introduction
The nucleus accumbens (NAc) integrates limbic and cortical inputs arising from monosynaptic glutamatergic projections that originate in the ventral subiculum of the hippocampus (vSub), basolateral amygdala (BLA), and prefrontal cortex (PFC) (French & Totterdell, 2003 ; Groenewegen et al. 1987 ; McDonald, 1991 ; O'Donnell & Grace, 1995b ; Petrovich et al. 1996 ; Shinonaga et al. 1994) . Each of these regions is believed to supply a different mode of input to the NAc, with the BLA involved in affective responses (LeDoux, 2000) , the vSub in context dependency (Anagnostaras et al. 2001) , and the medial PFC in behavioural flexibility (Sesack & Grace, 2010) . In addition, dopamine supplied by the ventral tegmental area is a potent modulator of NAc responses to both BLA and vSub inputs (Charara & Grace, 2003 ; Goto & Grace, 2005 ; Johnson et al. 1994 ; Totterdell & Smith, 1989) . As part of a limbic/motor interface, the gated activity of the NAc regulates behavioural responses to both rewarding and aversive stimuli via its connections with dopaminergic, thalamic, and brainstem regions via the ventral pallidum (Groenewegen et al. 1983 ; Mogenson & Nielsen, 1983 ; .
Because of its role in affective responses, abnormal amygdalar activation is believed to underlie the behavioural symptoms characteristic of disorders like depression and anxiety (e.g. anhedonia, anxiety, appetite changes, etc). For example, patients with unipolar depression display increased amygdala activation in response to fearful or sad stimuli (Fu et al. 2004 ; Keedwell et al. 2005 ; Peluso et al. 2009 ; Sheline et al. 2001 ; Surguladze et al. 2005) . One manner by which this could occur is if there is a disruption of the normal processing of emotional input conveyed by the BLA to the NAc in depression, which could impact the normal filtering of NAc responses and consequently behaviour.
The NAc is known to be functionally heterogeneous with respect to the regulation of positive and negative affect. Thus, selective disruption of glutamate signaling or GABA activation within the rostral and caudal subregions of the NAc elicits appetitive or fear behaviours, respectively (Basso & Kelley, 1999 ; Reynolds & Berridge, 2001 . Moreover, disruption of dopamine activity with combined D 1 /D 2 receptor antagonist treatment blocks the functional heterogeneity of the NAc subregions (Faure et al. 2008) . Furthermore, stimulation of BLA fibres to the NAc can cause increases in NAc dopamine release (Floresco et al. 2001a, b) . Consequently, we propose that the BLA could differentially regulate behaviour by selective activation of the rostral and caudal NAc subregions, and that the heterogeneous response of NAc to BLA stimulation may involve a dopamine-dependent mechanism.
Whereas it has been shown previously that hippocampal and PFC inputs have a dominant influence over the excitability of NAc neurons, the role of the BLA in this interaction is less clear. Anatomically, monosynaptic BLA and vSub projections converge on the distal dendrites and spines of NAc neurons (French & Totterdell, 2003) . In-vivo intracellular recordings have shown that stimulation of the fimbriafornix, but not the BLA, can facilitate the transition of NAc neurons from a less excitable 'down ' membrane potential to a more excitable 'up ' membrane potential (O'Donnell & Grace, 1995 a) . However, increasing hippocampal activity can actually reduce the response of NAc neurons to subsequent BLA stimulation (Floresco et al. 2001b) . In contrast, we demonstrate in the present study that loss of hippocampal input also reduces the efficacy of BLA stimulation in both rostral and caudal subregions of the NAc. Indeed, maximal activation of the BLA following inactivation of vSub fails to sufficiently engage the NAc. This would suggest that the context information supplied by the vSub is crucial for gating the response of NAc neurons to BLA-mediated emotional input. Consequently, the vSub may be required for orchestrating the complex set of behaviours elicited by emotional stimuli.
Materials and methods

Animals
Experiments were conducted according to the guidelines described in the National Institutes of Health Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee of the University of Pittsburgh. Adult male Sprague-Dawley rats (Hilltop, USA) weighing 300-400 g were used. Animals were pairhoused in a temperature-(22 xC) and humidity-(47 %) controlled environment with a 12-h light/dark cycle (lights on 07:00 hours) with ad libitum access to both food and water. All testing was performed at least 1 wk after the animals arrived.
Surgery
Animals were anaesthetized with an initial dose of chloral hydrate (400 mg/kg i.p.) and were supplemented periodically (i.v.) to maintain suppression of the hindlimb withdrawal reflex. After placing in a stereotaxic frame (Kopf, USA), rats were implanted with a catheter in the lateral tail vein to allow intravenous injections. Body temperature was maintained at 37 xC with a temperature-controlled heating pad (Fintronics, USA).
Drugs and drug administration
Tetrodotoxin (TTX), sulpiride, and Dulbecco's phosphate-buffered saline (dPBS) were obtained from Sigma-Aldrich (USA). Sulpiride (5 mg/kg, with 1 drop HCl) was dissolved in physiological saline and administered intravenously via the tail vein catheter. For local infusions into the vSub, TTX (1 mm/0.5 ml) was dissolved in dPBS and infused with a 33-gauge cannula at a rate of 0.5 ml over 1 min using a Hamilton syringe. Control infusions consisted of 0.5 ml dPBS.
Single-unit extracellular recording in the NAc
The shell subregion of the NAc is involved in coordinating reward-and fear-related behaviours (Basso & Kelley, 1999 ; Faure et al. 2008 ; Reynolds & Berridge, 2001 ). In addition, the NAc shell is involved in learning discriminatory responses to conditioned stimuli (Bradfield & McNally, 2010 ; Kerfoot et al. 2007 ). There is substantial evidence for a high degree of convergence of monosynaptic projections from the PFC, BLA, and vSub onto individual medium spiny neurons in the NAc shell (Mulder et al. 1998 ; O'Donnell & Grace, 1993) . It has been shown previously in slice preparations that integration of input from the BLA and vSub is potently modulated by dopamine (Charara & Grace, 2003) . Based on this prior evidence, electrophysiological recordings were restricted to the shell subregion of the NAc. No data were recorded from neurons encountered that were responsive to stimulation of only a single brain region, BLA or vSub. Consequently, an exact proportion of NAc neurons excluded from analysis could not be obtained. However, based on anecdotal observations, it was estimated that <10 % of neurons were responsive to stimulation of only a single brain region. Therefore, the data summarized here represent the responses of the majority of medium spiny neurons in the NAc.
Single glass microelectrodes (WPI, USA ; impedance 7-10 MW) were filled with 2 % Pontamine Sky Blue dye in 2 M NaCl and positioned using a hydraulic microdrive (Narishige, USA) in the shell subregion of the right NAc according to coordinates in a rat brain atlas (Paxinos & Watson, 1996) [anteroposterior (AP) 1.65 or 1.25 mm anterior to bregma ; lateral (L), 1.0 mm to the midline ; dorsoventral (DV), 5.5-7.5 mm from the top of dura]. Neural activity was amplified and filtered (500-5000 Hz, Fintronics) prior to transference to a computer with custom-designed acquisition and analysis software (Neuroscope, USA). Spontaneous activity was monitored on an oscilloscope and singleunit responses were recorded when the signal to noise ratio was at least 3 : 1.
Stimulation of BLA and vSub
Concentric bipolar electrodes (NEX-100X, Rhodes Medical Instruments, USA) were implanted in the BLA (AP, x3.6 mm ; L, 5.0 mm ; DV, x7.5 mm) and vSub (AP, x5.5 mm ; L, 4.5 mm ; DV, 7.5 mm). For experiments in which the vSub was inactivated with TTX at the stimulation site, a chemotrode (Plastics One Inc., USA) was used. A dual output stimulator (S8800 ; Grass Technologies, USA) was used to generate single pulses of current (duration, 0.20 ms, intensity 500 mA) in the BLA and vSub (50-ms intervals, every 2 s). The recording microelectrode was advanced slowly into the NAc until single-unit monosynaptic responses were observed for stimulation of BLA (latency, 8-16 ms) and vSub (latency, 14-21 ms).
Upon identifying a responsive neuron, the current intensity of BLA and vSub stimulation was adjusted to obtain approximately 50 % evoked spike probability (intensity range, 160-900 mA). Baseline evoked responses were recorded for 15 min prior to TTX infusion or theta-burst stimulation. TTX was infused into the vSub and BLA-evoked responses were recorded for at least 40 min. In a subset of experiments, after the baseline recording period, theta-burst stimulation (three bouts of 10r100 Hz bursts with a 200-ms interburst interval ; intensity, 1 mA) was applied to the BLA. After theta-burst stimulation, the intensity of BLA stimulation was returned to baseline and BLAand vSub-evoked responses were recorded for 40 min. In another set of experiments, theta-burst stimulation was applied to the BLA 20 min after TTX was infused in the vSub and BLA-evoked responses were recorded for an additional 40 min. For experiments in which sulpiride was administered (i.v.), changes in evoked responses were recorded for 5 min prior to theta-burst stimulation of the BLA.
Data analysis
Evoked spike probabilities were calculated by dividing the number of stimuli that evoked an action potential by the total number of stimuli administered. All data were normalized to the average spike probabilities obtained during the baseline period. Subsequently, data are shown and analysed as the % change in spike probabilities (5-min bins). A Shapiro-Wilk test was used to determine whether the population response of NAc neurons was normally distributed. When responses were separated based on increases or decreases in spike probability, a >15 % change in spike probability from baseline had to occur for at least two consecutive 5-min bins. A one-way repeated-measures ANOVA (within-subject factor, time) followed by Holm-Sidak post-hoc analysis was used to detect changes in spike probability. Multiple comparisons were analysed with a two-way ANOVA followed by Holm-Sidak post-hoc analysis using treatment as the between-subject factor and time as the within-subject factor.
Histology
At the end of each experiment, the location of the recording electrode was marked by ejecting Pontamine Sky Blue dye from the tip of the electrode using an iontophoresis pump (Kation Scientific, USA ; x25 mA constant current, 30 min). Small lesions were made at the tip of each stimulation electrode (250 mA, 10 s current pulse) and visualized by adding potassium ferrocyanide during post-fixation. Animals were euthanized with an overdose of chloral hydrate (400 mg/kg i.v.) and decapitated. The brain was removed and fixed for at least 48 h in 8 % w/v paraformaldehyde (in PBS) and cryoprotected in 25 % w/v sucrose (in PBS). Brains were then sectioned (60 mm coronal sections), placed on gelatin-chromalum-coated slides, and stained with Cresyl Violet for histochemical verification of the recording/stimulation electrode placements.
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Results
Stimulation electrodes were placed in the lateral and basolateral subregions of the amygdala as well as the ventral subiculum of the hippocampus (Fig. 1c, d ). Electrophysiological recordings were restricted to the rostral or caudal shell subregion of the NAc (Fig. 1a, b) . The coordinates used for comparisons of NAc activity along a rostral-caudal gradient were selected based on the reported heterogeneous behavioural effects resulting from local disruption of glutamate or GABA activity in the NAc (Faure et al. 2008 ; Reynolds & Berridge, 2001 ; i.e. infusions of a glutamate receptor antagonist, DQNX, or GABA(A) agonist, muscimol, rostrally (>+2.0 mm relative to bregma) elicited eating behaviours, while more caudal infusions (<+1.4 mm relative to bregma) increased fear and defensive behaviours. Histological verification of placement of stimulation electrodes in the BLA and vSub did not support a pattern of preferential activation of rostral NAc neurons by more anterior BLA or vSub stimulation.
A total of 84 neurons were recorded in 84 rats. Medium spiny neurons receive convergent monosynaptic input from both BLA and vSub (French & Totterdell, 2003 ; O'Donnell & Grace, 1995b) . All neurons (n=84) used in the present study were excited by stimulation of both BLA and vSub. The average monosynaptic response latencies to BLA and vSub stimulation were 14.5¡0.4 ms (n=84) and 16.8¡0.5 ms (n=84), respectively, which is consistent with previous reports (Mulder et al. 1998 ; O'Donnell & Grace, 1995b) .
BLA theta-burst stimulation induces differential plasticity in rostral and caudal subregions of the NAc Given the reported heterogeneity of rostral and caudal subregions of the NAc, we tested whether theta-burst stimulation of the BLA had disparate effects on plasticity in these subregions. After recording stable baseline activity (f10 % variation) and evoked response probability for 15 min, theta-burst stimulation was applied to the BLA. In both the rostral and caudal subregion, the population response to theta-burst stimulation was not normally distributed as determined by the Shapiro-Wilk test. As a result, the data was divided based on the predominate response patterns observed.
Neurons from the rostral subregion (n=7) of the NAc exhibited either a long-lasting increase or a shortduration decrease in BLA-evoked responses (F=3.474, p=0.001 ; Fig. 2 c) , with the majority of neurons (86 %) in the rostral NAc exhibiting a short-duration decrease (<20 min) in BLA-evoked responses prior to returning to baseline (Fig. 2 d) . Similar to what was observed in the rostral subregion, neurons in the caudal subregion (n=8) exhibited either a potentiation or a brief inhibition of BLA-evoked responses following theta-burst stimulation (F=13.681, p<0.001 and F=7.880, p=0.002, respectively ; Fig. 2 c) . Unlike the rostral subregion, the majority of neurons in the caudal subregion (75 %) exhibited enhanced BLA-evoked activity lasting >40 min following theta burst (Fig. 2 d) . Therefore, the two subregions varied significantly in their predominate response to theta-burst stimulation (Fisher's exact test, p=0.04).
Previous studies showed that high-frequency stimulation of the BLA causes a biphasic increase in dopamine release in the caudal NAc in addition to enhanced BLA-evoked responses (Floresco et al. 2001a, b) . After close examination of the recording locations within the NAc from these studies, it can be concluded that the potentiation of BLA-evoked responses in the caudal subregion may be dopamine-mediated. It has been demonstrated previously that tetanic stimulation of the fimbria can induce a transient reduction (<2 min) in hippocampal-induced activity in the NAc prior to subsequent long-term potentiation (LTP ; Belujon & Grace, 2008) , and this reduction in activity was reported to be regulated by dopamine D 2 receptor activation. In the present study, the effects of D 2 -receptor antagonist treatment (sulpiride, 5 mg/kg i.v.) administered 5 min prior to BLA theta burst was tested on the heterogeneous responses observed in the rostral and caudal NAc. Sulpiride treatment did not block the occurrence of LTP or short-term depression of BLA-evoked responses in the rostral and caudal subregions. However, following sulpiride treatment, there was no longer a distinction between rostral and caudal subregions with regard to the predominant response observed, i.e. either excitation or inhibition, to BLA theta burst (Fisher's exact test, p>0.05 ; Fig. 2d ).
Thus, 57 % of neurons were briefly inhibited and 43 % were excited following BLA theta burst. In the caudal NAc, a similar pattern was observed with 50 % of neurons exhibiting an increase in BLA-evoked responses and 50 % exhibiting a decrease in evoked responses. Therefore, the response of the rostral and caudal subregions to increased activation of amygdaladependent affective input is determined partly by dopamine D 2 receptor activation.
Subregional NAc differences in vSub-evoked responses following BLA theta-burst stimulation
It has been demonstrated previously that highfrequency stimulation of the fimbria can cause a secondary long-term reduction in BLA-evoked responses that is D 1 receptor-dependent in addition to potentiating hippocampal-evoked responses in the caudal NAc (Floresco et al. 2001b ). Less clear is how BLA theta-burst stimulation would affect the response of the rostral and caudal subregions of the NAc to the vSub input. The same neurons reported above were also examined for alterations in vSub-evoked activity. Three patterns of vSub-evoked responses (excitation, inhibition, <15 % change in spike probability) were observed following theta-burst stimulation of the BLA (Fig. 3 a) . In the rostral subregion of the NAc, the majority of neurons (71 % treatment prior to BLA theta burst. Overall, there was a homogeneous response of the rostral and caudal NAc to vSub input following sulpiride treatment and thetaburst stimulation of the BLA (x 2 =0.628, p=0.731). These data suggest that dopamine is enabling the diverse responses of NAc to both emotional and contextual input via the BLA and vSub, respectively.
Inactivation of vSub reduces the efficacy of BLA stimulation in caudal NAc
Previous studies demonstrated that increases in hippocampal input to the NAc mediated by the fimbriafornix can reduce the response of NAc neurons to emotional information conveyed by the BLA (Floresco et al. 2001b) . After a stable baseline recording period, TTX (1 mM) or dPBS (0.5 ml) was infused into the vSub to determine whether a reduction in hippocampal activation would also alter the response of NAc neurons to BLA input. The dominate response to theta-burst stimulation of the BLA was a short-term depression of evoked responses in the rostral NAc. Consequently, it was anticipated that a loss of the permissive vSub input (Belujon & Grace, 2008) would cause a reduction of evoked responses that would further obscure the already present decrease that resulted from thetaburst stimulation of the BLA. However, in the caudal subregion, the impact of loss of vSub input on the potentiated BLA responses was of greater interest both in terms of measuring the impact, and on its influence on amygdala-related fear responses. For these reasons and to be consistent with previous studies, recordings Fig. 4 c) .
As reported above, theta-burst stimulation applied to the BLA 20 min after infusion of dPBS into the vSub (n=10) caused a LTP of BLA-evoked responses in a majority (90 %) of neurons, with only one neuron exhibiting a short-duration decrease in BLA-evoked responses (F=21.392, p<0.001 ; Fig. 4 d) . Following inactivation of the vSub (n=10), significantly fewer neurons (60 %) showed an increase in BLA-evoked responses following theta-burst stimulation of the BLA (F=2.467, p=0.007). In addition, the onset of potentiated BLA-evoked responses occurred approximately 15 min later than what was observed in control neurons. Thus, 40 % of neurons exhibited a long-lasting decrease in BLA-evoked responses following inactivation of the vSub and subsequent theta-burst stimulation of the BLA (F=1.921, p=0.038). These data suggest that loss of input from the vSub greatly reduces, but does not eliminate, the efficacy of BLA stimulation.
Discussion
Activation of individual neurons in the NAc is subject to the competing drive of converging inputs from PFC, vSub, and BLA (Belujon & Grace, 2008 ; Goto & Grace, 2005 ; Mulder et al. 1998 ; O'Donnell & Grace, 1994 , 1995b . It has been shown previously that following tetanic stimulation of the fimbria, the hippocampus can dominate over BLA input on NAc neural responses (Floresco et al. 2001 b) . In contrast, the present study uses inactivation of the vSub with TTX to demonstrate a permissive role of the hippocampus in gating the response of NAc to BLA input. In addition, we show that hyperactivation of BLA with intact processing from the vSub enables a disparate pattern of plasticity in the rostral and caudal subregions of the NAc that probably forms the basis of the unique behavioural responses attributed to these subregions. Moreover, the dopamine system supports this heterogeneous response of the NAc to both BLA and vSub input.
Differential gating of vSub and BLA input underlies heterogeneous NAc activation
The NAc is integral to the neural circuitry mediating associative reward processes as well as conditioned fear responses (Ambroggi et al. 2008 ; Bradfield & McNally, 2010 ; Klucken et al. 2009b ; Reynolds & Berridge, 2001 ; Young, 2004) . The NAc core and shell subregions exhibit differential activation to both fearand reward-associated stimuli (Ambroggi et al. 2008 ; Ghitza et al. 2003 ; Nicola et al. 2004) . Through its integration of information from the BLA and vSub, the NAc is able to coordinate competing behavioural drives.
Firing patterns of both amygdala and hippocampal neurons correlate with behaviourally salient features of external discrete and contextual stimuli (Green & Arenos, 2007) . Pavlovian conditioning procedures that involve the repeated pairing of a neutral and aversive stimuli lead to an increase in amygdala activation in response to the previously neutral stimulus (Maren & Quirk, 2004 ; Rosenkranz & Grace, 2002 . Neurons in the hippocampus display similar increases in activation in response to both discrete conditioned stimuli as well as the conditioning context (Munera et al. 2001) . In addition, BLA neurons exhibit differential firing patterns discriminating the value of reward-predictive cues in a discriminative stimulus task (Ambroggi et al. 2008) . Inactivation of the BLA can interfere with both the discriminative firing properties of NAc core neurons as well as performance during the discriminative stimulus task. Consequently, selective activation of the BLA and vSub could coordinate approach and avoidance behaviours via connections with the NAc.
In addition to promoting the differential activity of NAc neurons to external stimuli, the BLA and vSub can alter the response of NAc to alternate afferent input. Single-pulse stimulation of the BLA can enhance the response of NAc neurons to PFC input, while train stimulation results in a depression of PFC-evoked responses (McGinty & Grace, 2009a, b) . In the current study, we show that high-frequency stimulation of the BLA can suppress vSub-evoked responses in both the rostral and caudal subregions of the NAc (Fig. 5b) . This would suggest that abnormally high amygdala activation could interfere with goal-directed behaviour in favour of emotionally motivated behaviour. The enhancing effect of activation of the vSub on gating of the responses of NAc neurons to PFC input has been described previously (O'Donnell & Grace, 1995 b) . Here we show that inactivation of the vSub not only causes a progressive decrease in the responses of the caudal NAc to single-pulse stimulation of the BLA but also alters the expression of BLA-induced plasticity in the NAc, indicative of a reduction in the efficacy of BLA input (Fig. 5 c) . Indeed, the results of the present study suggest that loss of the permissive input from the vSub reduces heterogeneous activity of NAc neurons. Overall, it appears that putative affective information supplied by the BLA is most effective in influencing NAc responses when corresponding contextual information from the vSub is also available. Indeed, studies show that conditioned responses are typically context-dependent (Kim et al. 1993) , which is supported by this BLA-NAc interaction. This interdependency could act to prevent emotion-triggered behavioural responses outside of the relevant context.
Modulatory influence of BLA on NAc plasticity is dopamine-mediated
It is already known that dopamine has a profound influence on the gating of NAc responses to its various limbic afferents (Belujon & Grace, 2008 ; Floresco et al. 2001b ; O'Donnell & Grace, 1996 ; Yang & Mogenson, 1984 ; Yun et al. 2004) . Stimulation of the BLA at frequencies similar to what has been observed in freely moving animals elicits an increase in dopamine release as well as increased BLA-evoked spike probabilities in the region of the NAc corresponding to the caudal NAc in the present study (Floresco et al. 2001a ; Pratt & Mizumori, 1998 (Day et al. 2008 ; Gerfen et al. 1990 ; Surmeier et al. 1992) . The homogeneous response of rostral and caudal NAc to BLA theta-burst stimulation following sulpiride treatment parallels the loss of behavioural heterogeneity of the rostral and caudal subregions following combined D 1 and D 2 antagonist treatment (Faure et al. 2008 
Regional NAc differences in processing BLA input
Previous electrophysiological recordings in halothaneanaesthetized animals reported a majority of amygdala-evoked responses in the anterior or rostral NAc, suggesting a topographical arrangement of these inputs (Callaway et al. 1991) . However, most of the work done on the gating of activity by vSub, BLA, and PFC of individual neurons in the NAc has not differentiated between the rostral and caudal subregions (Belujon & Grace, 2008 ; Floresco et al. 2001 a, b ; French & Totterdell, 2003) . This is the first time that electrophysiological responses from both the rostral and caudal subregions of the NAc are reported for comparison. In the present study, a short-duration decrease in BLA-evoked responses in the rostral NAc along with potentiated BLA-evoked responses in the caudal NAc were the predominate responses to theta-burst stimulation of the BLA. Regulating appetitive behaviours has been attributed to the anterior or rostral NAc (Basso & Kelley, 1999 ; Reynolds & Berridge, 2001 . In contrast, the posterior or caudal NAc is important for mediating behavioural responses to fearful or aversive stimuli (Kerfoot et al. 2007 ). It has already been shown that exposure to stressful environments, presumably inducing strong BLA activation, can cause an expansion of the caudal fear-generating zone of the NAc . Although speculative, one interpretation of our data is that the BLA-induced shift in activation between the two NAc subregions may be important for adapting behavioural responses to changes in contextual or emotional stimuli. Dopamine may allow for the shifting of the relative activation between the rostral and caudal subregions of the NAc in coordination with input from the BLA (Faure et al. 2008) . As a consequence, the dominant behavioural response may likewise be shifted towards reward-seeking behaviours and away from fear responses. In the present study, alterations in D 2 receptor activation following treatment with sulpiride strongly attenuated the dopaminemediated facilitation of BLA-and vSub-evoked responses in the caudal NAc following BLA thetaburst stimulation. This reduction in the response of NAc neurons could interfere with the development of discriminatory firing patterns based on contextual or reinforcement information.
Functional implications
These data have important implications for both normal learning and pathological conditions. Importantly, the NAc is involved in fear learning as well as goal-directed behaviours (Klucken et al. 2009a ; Pezze & Feldon, 2004) . We have shown here that both BLA and vSub are potent modulators of NAc activity. Consequently, integration of contextual information from the vSub and affective information from the BLA in the NAc is probably involved in the generation of appropriate behavioural responses to environmental contingencies.
In major depressive disorder and anxiety disorders there is increased amygdala activation during the evaluation of emotional stimuli (Beesdo et al. 2009 ; Bremner et al. 2008 ; Fu et al. 2004 ; Peluso et al. 2009 ; Thomas et al. 2001 ). Indeed, the perceived level of fear is associated with the degree of amygdala activation in response to fearful stimuli in anxious and depressed patients. In addition, contingency awareness in normal individuals, e.g. the association between neutral and aversive stimuli, is related to increased activation of both the amygdala and NAc (Klucken et al. 2009a, b) . High-frequency stimulation of the BLA can increase dopamine release in the NAc (Floresco et al. 2001a) . Similar increases in dopamine release in NAc have been reported following stress (Amato et al. 2007 ; Doherty & Gratton, 2007) . It has also been reported that exposure to stress can cross-sensitize with psychostimulants (Antelman et al. 1980 ; Kalivas & Duffy, 1989 ; Sorg & Kalivas, 1991) . Combined with evidence that increases in amygdala activation occur in response to drug-associated stimuli in cocaine users (Childress et al. 1999) , it is possible that aberrant activation of the amygdala could promote stress-induced relapse in addicted individuals via a pathological increase in dopamine activity within the NAc. There is some indication that local dopamine in the rostral and caudal shell is important for mediating both positive incentive salience and negative fearful salience, respectively (Faure et al. 2008) . Alterations in the normal BLA activation of these subregions in the NAc might account for increases in drug-seeking behaviours in addicted individuals.
